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Abstract
In old dense stellar systems collisions of white dwarfs are a rather frequent phenomenon. Here we present the
results of several Smoothed Particle Hydrodynamics simulations of close encounters of white dwarfs to explore
under which conditions collisions occur and which are the final remnants of the interaction. Depending on the
initial conditions, three different outcomes are possible. Specifically, the outcome of the interaction can be
either a direct or a lateral collision or the interaction can result in the formation of an eccentric binary system.
The large number of simulations performed has allowed us to identify the key parameters to parametrize the
outcome of the interaction as a function of the initial conditions. We find that the outcome of the interaction
mostly depends on the periastron distance and the reduced mass of the system. Finally, we discuss the in-
fluence of the masses and chemical compositions of the interacting white dwarfs in the properties of the remnants.
1 Introduction
In globular clusters, the stellar population density
is roughly a million times that of our Solar System’s
environs. In such dense stellar systems stellar colli-
sions are rather frequent (Hills & Day, 1976). Actu-
ally, it has been predicted that up to 10% of the stars
in the core of typical globular clusters have undergone
a collision at some point during the lifetime of the clus-
ter (Davies, 2002). Also, galactic nuclei which harbor
massive black holes, like that of our own Galaxy, have
a stellar density at least as large as that found in the
center of the densest globular clusters. Moreover, in
these environments the frequency of stellar collisions is
strongly enhanced, since the stars zip around at much
higher velocities due to strong attraction of the black
holes.
In these very dense stellar systems the most proba-
ble collisions are those in which at least one of the col-
liding stars has the largest possible cross-section — a
red giant — and those in which at least one of the stars
is most common (Shara & Regev, 1986). Since white
dwarfs are the most usual end-point of stellar evolu-
tion, and because both globular clusters and galac-
tic nuclei are rather old, these stellar systems contain
many degenerate stars. Therefore, collisions in which
one of the colliding stars is a white dwarf should be
rather common (Lore´n-Aguilar et al., 2010).
Recently, the study of the collisions of two white
dwarfs has become relevant, since it has been shown
that, under certain circumstances, they can result in
a Type Ia supernova explosion. Moreover, it has also
been recently suggested that such process could not
only lead to a Type Ia supernova explosion, but also
to the formation of a magnetar (King et al., 2001). It
is also interesting to note the fact that the dynamical
interactions in globular clusters can form double white
dwarfs with non-zero eccentricities. These systems
are powerful sources of gravitational waves (Willems
et al., 2007). Finally, another important property of
the collision of white dwarfs, is that the temperatures
achieved in direct collisions (DC) are substantially
high, and consequently some of the nuclearly processed
material could pollute the surrounding environment
(Lore´n-Aguilar et al., 2010). All in all, the collision
of two white dwarfs deserves to be studied. However,
there are very few simulations of this phenomenon. In
fact, the small number of simulations of white dwarf
collisions is noticeable when compared to that of white
dwarf mergers. Specifically, most authors have studied
the collision of two white dwarfs with fixed masses, and
varied the total energy and angular momenta of the
colliding white dwarfs, while little attention was paid
to study the effects of the masses of the stars. This
was the approach adopted in the most comprehensive
study to date (Lore´n-Aguilar et al., 2010), where the
masses of the intervening white dwarfs (0.8M and
0.6M) were kept fixed, while their initial relative ve-
locity and distance were varied. Their findings show
that the outcome of the interaction can be either a
direct collision, a lateral one, or finally an eccentric
binary system can also be produced. It is however in-
teresting to study a broader range of masses and initial
conditions, because the final outcome of the interac-
tion sensitively depends on them. This is precisely the
aim of the present work. Specifically, we study the
interactions of two white dwarfs of different masses.
The work is organized as follows. In Sect. 2 the
input physics and the method of calculation used in
the simulations are briefly explained, paying special
attention to the numerical technique employed, the
so-called Smoothed Particle Hydrodynamics (SPH)
method. Sect. 3 is devoted to present the initial condi-
tions used and the results of the different simulations
computed so far. It follows Sect. 4, where the out-
comes of the collisions and close encounters are ana-
lyzed and discussed. In Sect. 5 we analyze and discuss
our results. Finally, in Sect. 6 we summarize our main
findings and we draw some preliminary conclusions.
2 Input physics and method of
calculation
As mentioned, the hydrodynamic evolution of the
interacting white dwarfs has been followed using a
Smoothed Particle Hydrodynamics method. This
method is a Lagrangian particle numerical code. This
method was first proposed by Lucy (1977) and, inde-
pendently, by Gingold & Monaghan (1977). The ba-
sic principle of SPH methods consists in discretizing
the fluid in a set of elements, referred to as particles.
These particles have a spatial dimension (known as
the “smoothing length”, h), over which their proper-
ties are smoothed using a kernel. The fact that the
method is totally Lagrangian and does not require a
grid makes it especially suitable for studying an intrin-
sically three-dimensional problem like the collision of
two white dwarfs. Moreover, much of the SPH success
relies on its excellent conservation properties. In the
following we explain the main features that character-
ize the SPH code.
The code uses the standard polynomic kernel of
Monaghan & Lattanzio (1985):
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The gravitational forces are evaluated using an octree
(Barnes & Hut, 1986). This is a tree method which al-
lows to directly calculate the force in the gravitational
N -body problem. The computing load of this method
grows only as N logN .
To deal numerically with shocks, where on the
macroscopic scales of a simulation the very steep gra-
dients appear as discontinuous, artificial viscosity is
usually added to the SPH equations. The SPH code
employed in the simulations uses a prescription for
the artificial viscosity based in Riemann-solvers (Mon-
aghan, 1997):
Πij = −α
vsigij
ρij
vij · eˆij
where the signal velocity is taken as vsigij = ci + cj −
4vij · eˆij , ρij = (ρi + ρj)/2, vij = vi − vj , eˆij =
rij/|rij |, rij = ri−rj , ci is the sound speed of particle
i, and α is an adjustable parameter. Normally, α = 0.5
yields good results. Additionally, to suppress artificial
viscosity forces in pure shear flows the viscosity switch
of Balsara (1995) is also used:
fi =
|∇·v|
i
|∇·v|i+|∇×v|i+10−4ci/hi
In this way the dissipative terms are largely re-
duced in most parts of the fluid and are only used
where they are really necessary to resolve a shock, if
present.
Within this approach, the SPH equations for the
momentum and energy conservation read respectively
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In these expressions F ij = (Fi+Fj)/2 and F is a posi-
tive definite function which depends only on |r| and on
the smoothing length h, used to express the gradient
of the kernel ∇Wij = F ijrij . ∇Φ is the gravitational
potential and the rest of the symbols have their usual
meaning.
However, it is sometimes advisable to use a dif-
ferent formulation of the equation of energy conserva-
tion (Lore´n-Aguilar et al., 2010). Accordingly, for each
timestep the variation of the internal energy is com-
puted using Eq. (3) and simultaneously the variation
of temperature is computed using:
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where qvisc includes the contribution of viscous dissi-
pation, which is computed in a way analogous to that
of Eq. (3). For regions in which the temperatures are
greater than 6×108 K or the densities are smaller than
6 × 103 g/cm3 Eq. (3) is adopted, whereas Eq. (4) is
used in the rest of the fluid. Using this prescription
energy is best conserved.
The algorithm used to determine the smoothing
length of each particle is that of Hernquist & Katz
(1989):
hn+1i = h
n
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where hn+1i is the smoothing length of the particle i
for the next time-step n+1, Ns is the desired number
of neighboring particles and Nni is the actual number
of neighbors of particle i at the current time-step n.
Regarding the integration method, a predictor-
corrector numerical scheme with variable time step
(Serna et al., 1996), which turns out to be quite ac-
curate, is used. The sequence initiates by predicting
variable values (denoted by primes) at tn+1 according
to
r′n+1 = rn + vn∆tn + a
′
n(∆t)
2/2
v′n+1 = vn + a
′
n∆tn
u′n+1 = un + u˙
′
n∆tn
The above predicted quantities are then used to
compute a′n+1 and u˙
′
n+1 at r
′ by using Eqs. 2 and 3.
The predicted quantities are then used to correct the
positions, velocities and thermal energies:
rn+1 = r
′
n+1 +A(a
′
n+1 − a
′
n)(∆tn)
2/2
vn+1 = v
′
n+1 +B(a
′
n+1 − a
′
n)∆tn
un+1 = u
′
n+1 + C(u˙
′
n+1 − u˙
′
n)∆tn
where B = 1/2 is required to obtain accurate veloc-
ities to second order and the values of A and C are
somewhat arbitrary. Finally, time-steps (∆tn) are de-
termined comparing the local sound velocity with the
local acceleration and imposing that none of the SPH
particles travels a distance larger than its correspond-
ing smoothing length.
The equation of state adopted for the white dwarf
is the sum of three components. The ions are treated
as an ideal gas but Coulomb corrections are taken into
account (Segretain et al., 1994). The pressure of pho-
tons, which turns out to be important when the tem-
perature is high and the density is small, just when
nuclear reactions become relevant, are also incorpo-
rated. Finally, the most important contribution is the
pressure of degenerate electrons, which is treated by
integrating the Fermi-Dirac integrals. The nuclear net-
work adopted here incorporates 14 nuclei: He, C, O,
Ne, Mg, Si, S, Ar, Ca, Ti, Cr, Fe, Ni and Zn. The re-
actions considered are captures of α particles, and the
associated back reactions, the fusion of two C nuclei
and the reaction between C and O nuclei. All the rates
are taken from Rauscher & Thielemann (2000). The
screening factors adopted in this work are those of Itoh
et al. (1979). The nuclear energy release is computed
independently of the dynamical evolution with much
shorter time-steps, assuming that the dynamical vari-
ables do not change much during these time-steps. Fi-
nally, neutrino losses have been included according to
the formulation of Itoh et al. (1996) for the pair, photo,
plasma and brehmsstrahlung neutrino processes.
3 Initial conditions
We have relaxed five different white dwarf mod-
els with masses M1 = 0.4M, 0.6M, 0.8M, 1.0M
and 1.2M. The chemical composition of all white
dwarfs is a mixture of 40% carbon and 60% oxygen (by
mass), except for the lightest one — which is made of
pure helium — and the heaviest one — which is made
of a mixture of 80% of oxygen and 20% of neon, also by
mass. The intervening stars were relaxed separately
to obtain accurate equilibrium initial configurations,
using ∼ 2 × 104 particles for each star. This reso-
lution is high enough to provide accurate results and
low enough to run a large number of simulations in a
reasonable period of time. The initial temperature of
our isothermal white dwarf configurations is ∼ 107 K.
As in Lore´n-Aguilar et al. (2010), the white dwarfs
were assumed to rotate counterclockwise as rigid bod-
ies with a rotational velocities ω ' 7× 10−5 rad/s —
a typical rotation velocity of field white dwarfs — and
are assumed to rotate counterclockwise.
We fixed the initial distance between the stars
along the x-axis, xini = 0.2R, and allowed the ini-
tial distance along the y-axis to vary between yini =
0.3R and 0.4R. The initial velocity of each star
was set to vini = (±vini, 0, 0), with vini ranging from
75 to 300 km/s. With this setting the initial co-
ordinates of the two intervening white dwarfs are
(xini/2,−yini/2, 0) and (−xini/2, yini/2, 0) and the rela-
tive velocity is 2vini. Note that these initial conditions
describe a post-capture scenario. This means that our
simulations start after a pair of stars have undergone
a close encounter and some kind of dissipation mech-
anism has make them become bounded.
4 Outcomes of the interactions
Table 1 lists all the simulations performed in this
work, grouped as a function of the initial positions and
velocities. In particular, we list the masses of the inter-
acting white dwarfs (second column) the total energy,
E (fourth column), and angular momentum, L, of the
system (fith column). These two quantities can be ob-
tained in a straightforward way from vini and ∆y. Note
that all the energies of the systems considered here are
negative and, thus, the initial trajectories in all cases
elliptical. Therefore, the apogee, the perigee and the
eccentricity of the orbits are also specified in this table
— columns 6, 7 and 8, respectively. All these values
have been calculated using the solution of the two-
body problem, assuming that the two white dwarfs
are point masses. However, it is important to realize
that gravitational focusing leads to different outcomes,
depending on the case considered. The outcome of the
Table 1: Kinematical properties of the calculations reported here.
Run M1 +M2 Outcome E L rmax rmin ε β
(M) (10
48 erg) (1050 erg s−1) (R) (R)
vini = 75 km/s ∆y = 0.4 R
1 0.8+0.4 DC −2.73 2.18 4.49×10−1 7.85×10−3 0.966 2.93
2 0.8+0.6 DC −4.12 2.80 4.48×10−1 6.72×10−3 0.970 2.83
3 0.8+0.8 DC −5.49 3.28 4.49×10−1 5.88×10−3 0.974 3.06
4 1.0+0.8 DC −6.88 3.64 4.49×10−1 5.21×10−3 0.977 3.07
5 1.2+0.8 DC −8.26 3.93 4.48×10−1 4.70×10−3 0.980 2.98
vini = 100 km/s ∆y = 0.3 R
6 0.8+0.4 DC −3.35 2.18 3.64×10−1 7.88×10−3 0.958 2.92
7 0.8+0.6 DC −5.05 2.81 3.64×10−1 6.76×10−3 0.964 2.81
8 0.8+0.8 DC −6.76 3.28 3.63×10−1 5.90×10−3 0.968 3.05
9 1.0+0.8 DC −8.47 3.64 3.63×10−1 5.23×10−3 0.972 3.06
10 1.2+0.8 DC −10.10 3.93 3.63×10−1 4.71×10−3 0.974 2.97
vini = 100 km/s ∆y = 0.4 R
11 0.8+0.4 LC −2.68 2.91 4.51×10−1 1.42×10−2 0.939 1.64
12 0.8+0.6 LC −4.06 3.74 4.49×10−1 1.21×10−2 0.948 1.58
13 0.8+0.8 LC −5.42 4.37 4.50×10−1 1.05×10−2 0.954 1.71
14 1.0+0.8 LC −6.80 4.85 4.50×10−1 9.35×10−3 0.959 1.78
15 1.2+0.8 LC −8.18 5.24 4.49×10−1 8.42×10−3 0.963 1.75
vini = 150 km/s ∆y = 0.3 R
16 0.8+0.4 LC −3.22 3.27 3.69×10−1 1.83×10−2 0.906 1.28
17 0.8+0.6 LC −4.88 4.21 3.68×10−1 1.56×10−2 0.919 1.19
18 0.8+0.8 LC −6.56 4.91 3.67×10−1 1.35×10−2 0.929 1.33
19 1.0+0.8 LC −8.25 5.46 3.66×10−1 1.20×10−2 0.937 1.33
20 1.2+0.8 LC −9.95 5.90 3.66×10−1 1.08×10−2 0.943 1.27
vini = 150 km/s ∆y = 0.4 R
21 0.8+0.4 LC −2.55 4.37 4.56×10−1 3.30×10−2 0.864 0.70
22 0.8+0.6 LC −3.88 5.61 4.54×10−1 2.80×10−2 0.883 0.67
23 0.8+0.8 LC −5.22 6.55 4.54×10−1 2.45×10−2 0.898 0.74
24 1.0+0.8 LC −6.57 7.28 4.53×10−1 2.16×10−2 0.909 0.74
25 1.2+0.8 LC −7.93 7.86 4.52×10−1 1.94×10−2 0.918 0.74
vini = 200 km/s ∆y = 0.3 R
26 0.8+0.4 LC −3.03 4.36 3.78×10−1 3.36×10−2 0.837 0.68
27 0.8+0.6 LC −4.64 5.62 3.75×10−1 2.86×10−2 0.858 0.66
28 0.8+0.8 LC −6.28 6.55 3.73×10−1 2.48×10−2 0.875 0.73
29 1.0+0.8 LC −7.94 7.28 3.72×10−1 2.18×10−2 0.889 0.73
30 1.2+0.8 LC −9.61 7.86 3.70×10−1 1.96×10−2 0.900 0.71
vini = 200 km/s ∆y = 0.4 R
31 0.8+0.4 O −2.36 5.82 4.66×10−1 6.23×10−2 0.764 0.37
32 0.8+0.6 O −3.65 7.47 4.61×10−1 5.23×10−2 0.796 0.37
33 0.8+0.8 O −4.94 8.74 4.60×10−1 4.54×10−2 0.820 0.40
34 1.0+0.8 O −6.26 9.70 4.58×10−1 3.99×10−2 0.840 0.40
35 1.2+0.8 O −7.60 10.50 4.57×10−1 3.56×10−2 0.855 0.39
vini = 300 km/s ∆y = 0.3 R
36 0.8+0.4 O −2.50 6.55 4.17×10−1 8.35×10−2 0.666 0.28
37 0.8+0.6 O −3.97 8.39 4.02×10−1 6.96×10−2 0.705 0.28
38 0.8+0.8 O −5.47 9.32 3.96×10−1 6.02×10−2 0.736 0.30
39 1.0+0.8 O −7.04 10.90 3.90×10−1 5.27×10−2 0.762 0.30
40 1.2+0.8 O −8.64 11.80 3.86×10−1 4.69×10−2 0.783 0.30
vini = 300 km/s ∆y = 0.4 R
41 0.8+0.4 O −1.82 8.74 5.22×10−1 1.63×10−1 0.525 0.14
42 0.8+0.6 O −2.94 11.20 5.01×10−1 1.35×10−1 0.576 0.14
43 0.8+0.8 O −4.13 13.10 4.89×10−1 1.15×10−1 0.620 0.16
44 1.0+0.8 O −5.37 14.60 4.82×10−1 9.97×10−2 0.657 0.16
45 1.2+0.8 O −6.63 15.70 4.76×10−1 8.81×10−2 0.688 0.16
Figure 1: Outcomes of the simulations presented here in the plane defined by the reduced mass of the system
and the periastron distance of the orbit (left panel), and in the plane defined by the reduced mass and the
eccentricity of the orbit (right panel).
interaction is listed in the third column of this table.
Finally, we also list in Table 1 the so-called impact
parameter, defined as
β =
R1 +R2
rmin
, (5)
since it is a good indicator of the outcome of the in-
teraction.
As can be seen in table 1, our simulations result
in three different outcomes, depending on the input
parameters of the interaction. If the stars get suffi-
ciently close at periastron and mass transfer begins, a
stellar merger occurs. In this case, we distinguish be-
tween two different behaviors. If more than one mass-
transfer episode occurs before the stellar merger, we
name this outcome a lateral collision (LC). Else, if
just one mass transfer happens, then we call the inter-
action a direct collision (DC). Otherwise, if the binary
system survives the closest approach without transfer-
ring mass, an eccentric orbit will be the outcome (O)
of the simulation. In our simulations we obtain the
same behavior previously described in Lore´n-Aguilar
et al. (2010). In particular, we find that the most rel-
evant parameter for discriminating between the three
outcomes is the periastron distance, rmin. In fact, the
masses of the involved white dwarfs barely affect the
value of the periastron, and thus are not very relevant
to distinguish between the different outcomes. This
can be observed in the left panel of Figure 1, where
we plot our simulations on the plane defined by the
reduced mass and periastron distance. As the perias-
tron decreases the outcome of the interaction changes
from the formation of an eccentric binary to a lateral
collision and then to a direct one. As it should be ex-
pected, if the sum of the radii of both white dwarfs is
larger than the periastron distance, a collision occurs.
Moreover, if the periastron distance is small enough, a
direct collison occurs. The different outcomes can be
characterized using the linear relations:
µLC = aLC ln rmin + bLC
µDC = aDC ln rmin + bDC
where aLC = −0.42, bLC = −0.13, aDC = −0.37, and
bDC = −0.53. Rather obviously, the same results can
be seen in the right panel of figure 1, this time in the
plane defined by the reduced mass and the eccentricity,
and the corresponding linear relations are:
µLC = cLC+ dLC
µDC = cDC + dDC
with cLC = 2.83, dLC = −2.02, cDC = 11.25, and
dDC = −10.41.
5 Analysis and discussion
When a merger occurs, the less massive white
dwarf is disrupted by the massive companion, and the
resulting configuration consists of a central compact
object surrounded by a hot corona, and a region where
the debris of the interaction can be found. We found
that, in general, little mass is ejected from the sys-
tem in almost all cases, except when the masses of the
interacting white dwarfs are very different and a di-
rect collision occurs. The hot corona corresponds to
material that has been compressed and heated during
the collision, and therefore is substantially enriched in
heavy elements. The nucleosynthetic pattern follows
closely that found in Lore´n-Aguilar et al. (2010). The
properties of the debris region depend very much on
the masses of the interacting white dwarfs. Finally,
if both white dwarfs have equal masses the final con-
figuration is almost spherically symmetric, whereas if
the masses are different a thick, heavy, rotationally
supported disk is formed.
Table 2 shows some important physical quantities
of the simulations in which a merger occurs. In par-
ticular, we specify the masses of the central remnant
(MWD), of the corona (Mcorona), and of the debris re-
gion (Mdebris). Also listed are the ejected mass (Mej),
as well as the radii of the corona and of the debris
region (Rcorona and Rdebris, respectively). We have
considered that the newly formed white dwarf is made
of all the material which rotates as a rigid solid. This
includes both the unperturbed primary and the hot
corona resulting from the disrupted secondary. Fi-
nally, we also list the maximum temperature of the
central remnant at the end of our simulations, Tmax,
the maximum temperature achieved during the most
violent phase of the merger, Tpeak, and the energy re-
leased by nuclear reactions, Enuc.
As can be seen in table 2, when the masses of
the intervening white dwarfs are very different — for
instance, when M1 = 1.2M and M2 = 0.4M —
the interaction is more violent than in other cases.
This occurs because in these cases the secondary is de-
stroyed very rapidly in the deep potential well of the
primary. Moreover in these cases the more massive
white dwarf has a small radius, which leads to sig-
nificant accelerations of the material of the disrupted
secondary, and consequently to stronger interactions.
Moreover, when the masses of the white dwarfs are
very different and a direct collision occurs, the result-
ing white dwarf accretes only a small percentage of
the secondary, whilst a significant fraction of the sec-
ondary is ejected. On the contrary, when the masses
of the white dwarfs are very different and a lateral
collision with high impact parameter occurs, the re-
sulting central remnant is heaviest, reaching in some
cases super-Chandrasekhar masses. This occurs, for
instance, for the case in which M1 = 1.2M and
M2 = 0.8M.
The cases in which one of the white dwarfs is made
of He, while the other is very massive, M1 = 1.2M
or M1 = 0.8M, are of interest. On the one hand, in
these cases the material of the disrupted white dwarf
has a small Coulomb barrier. On the other hand, the
white dwarf of 1.2M is so heavy (and, consequently,
has such a small radius) that the merger is very vio-
lent, and the energy release and chemical enrichment
of the corona are the highest. In the collisions in which
M1 = 0.8M, the helium abundance of the hot corona
is very large, especially in the case of lateral collisions,
when an important fraction of the helium white dwarf
is accreted onto the primary, and there is also a sig-
nificant chemical enrichment due to nuclear reactions.
In the cases in which both interacting white dwarfs
have equal masses both white dwarfs are disrupted and
merge forming a new, more massive, white dwarf. In
particular, the final remnant is always ∼ 50% more
massive than the original white dwarf. Moreover, in
these cases mixing of the disrupted white dwarfs is ex-
tensive, and the final temperature profile of the rem-
nant is completely different from that obtained in the
rest of the simulations. In fact, the final remnant is
isothermal and very hot. Actually, these remnants are
hotter than those obtained in the rest of the simu-
lations. However, since the nuclear energy release is
modest, these very high temperatures are the result
of compresion of the disrupted stars. This is at odds
with what is found for the mergers in which the masses
are not equal. As already mentioned, in these cases
the maximum temperature is always reached in the
corona. We also found that the peak temperatures
occur when mass transfer from the less massive white
dwarf takes place at very high rates. Moreover, our re-
sults indicate for the same initial conditions, the peak
temperature increases as the reduced mass does. Fur-
thermore, for a fixed reduced mass, the peak temper-
ature also decreases with decreasing impact param-
eters. The highest temperatures are reached in the
direct collisions in the case in which M1 = 1.2M,
and M2 = 0.8M. Nevertheless, it is worth empha-
sizing that in all runs the peak temperature is higher
than the carbon ignition temperature, Tign ∼ 10
9 K.
This is the reason why a significant nuclear processing
appears in all the collisions and some nucleosynthesis
occurs.
6 Preliminary conclusions and
future work
In this work we have studied how the interactions
of white dwarfs in dense stellar systems depend on
the initial conditions and on the masses of the inter-
vening stars. Our initial conditions have been chosen
to ensure that a close encounter or a collision always
happens. Although these interactions are not very fre-
quent, there are chances to detect them in globular
clusters, since for them the overall rate of interactions
is R ∼ 3 × 10−10 Mpc−3yr−1 (Lore´n-Aguilar et al.,
2010). We have found that the outcomes of the inter-
actions can be a direct collision, a lateral collision or
the formation of an eccentric binary system. Moreover,
we have shown that the outcome of the interaction
can be predicted from very basic physical principles.
In particular, we have found that once the reduced
mass of the system is known, the periastron distance
allows to predict the outcome of the encounter. We
have also studied the influence of the different white
Table 2: Hydrodynamical results of the simulations leading to a merger.
Run MWD Mcorona Mdebris Mej Tmax Tpeak Rcorona Rdebris Enuc
(M) (M) (M) (M) (K) (K) (R) (R) (erg)
1 0.84 0.58 0.03 3.26×10−1 4.62×108 3.16×109 3.68×10−2 0.49 2.28×1049
2 1.08 0.98 0.29 2.89×10−2 6.89×108 4.23×109 1.78×10−2 0.56 4.37×1047
3 1.27 - 0.26 6.76×10−2 1.19×109 4.68×109 - 0.64 2.25×1048
4 1.24 1.03 0.34 2.21×10−1 9.00×108 5.60×109 2.79×10−2 0.78 6.70×1048
5 1.32 0.60 0.38 3.03×10−1 1.29×109 5.93×109 1.48×10−2 0.37 8.28×1048
6 0.84 0.58 0.04 3.24×10−1 4.80×108 3.13×109 3.68×10−2 0.49 2.26×1049
7 1.09 0.96 0.29 2.13×10−2 6.61×108 3.84×109 1.49×10−2 0.27 3.98×1047
8 1.28 - 0.25 6.57×10−2 1.06×109 4.99×109 - 0.49 2.15×1048
9 1.23 1.02 0.38 1.97×10−1 8.98×108 5.67×109 2.36×10−2 0.37 5.15×1048
10 1.32 0.57 0.34 3.35×10−1 1.31×109 5.84×109 1.75×10−2 0.46 8.86×1048
11 0.92 0.63 0.24 4.62×10−2 6.13×108 1.20×109 2.70×10−2 0.65 2.70×1048
12 1.07 0.85 0.30 3.14×10−2 6.54×108 2.87×109 1.70×10−2 0.37 1.28×1047
13 1.23 - 0.33 3.67×10−2 7.96×108 4.20×109 - 0.43 2.44×1047
14 1.36 1.19 0.39 5.16×10−2 1.18×109 3.84×109 1.16×10−2 0.37 1.18×1048
15 1.48 1.03 0.43 8.99×10−2 1.84×109 4.55×109 2.15×10−2 0.56 3.72×1049
16 0.89 0.60 0.27 3.50×10−2 6.25×108 1.57×109 1.95×10−2 0.57 6.23×1047
17 1.03 0.71 0.34 2.22×10−2 6.31×108 2.27×109 1.65×10−2 0.49 1.38×1046
18 1.23 - 0.35 1.99×10−2 9.58×108 2.67×109 - 0.43 6.50×1046
19 1.31 0.94 0.46 3.27×10−2 1.17×109 3.27×109 1.29×10−2 0.43 5.38×1047
20 1.49 0.98 0.44 7.08×10−2 1.90×109 3.59×109 2.19×10−2 0.49 3.31×1049
21 0.89 0.49 0.27 3.69×10−2 6.14×108 9.98×108 2.62×10−2 0.69 5.70×1047
22 1.00 0.64 0.37 2.75×10−2 6.44×108 1.52×109 1.95×10−2 0.65 4.53×1042
23 1.26 - 0.33 1.41×10−2 6.78×108 1.22×109 - 0.49 1.43×1042
24 1.28 0.74 0.48 4.15×10−2 1.11×109 2.02×109 1.82×10−2 0.56 6.30×1045
25 1.41 0.72 0.54 5.59×10−2 1.93×109 2.22×109 1.82×10−2 0.56 2.26×1049
26 0.91 0.50 0.26 3.43×10−2 6.12×108 1.12×109 3.62×10−2 0.85 1.53×1048
27 1.00 0.62 0.37 2.61×10−2 5.88×108 1.39×109 1.67×10−2 0.56 5.50×1041
28 1.15 - 0.43 1.51×10−2 7.13×108 1.39×109 - 0.74 1.25×1043
29 1.25 0.72 0.52 3.51×10−2 1.08×109 2.05×109 1.25×10−2 0.49 2.98×1045
30 1.42 0.73 0.53 5.37×10−2 1.91×109 2.36×109 2.12×10−2 0.56 2.82×1049
dwarf masses and initial conditions on the properties
of the final remnants, on the nucleosynthesis and on
several other important quantities. For all the sim-
ulations presented here the interactions leading to a
merger produce a central hot white dwarf, surrounded
by a debris region, whereas a variable amount of mass
is ejected from the system. White dwarfs with similar
masses, even though they reach high peak tempera-
tures during the collisions, release small amounts of
nuclear energy, and the abundances of heavy nuclei in
the resulting remnants are not excesively large. This
happens because the high temperatures are achieved
only during short periods of time. However, as the
difference between the masses of the two interacting
white dwarfs increases, the results differ, and in these
cases the large chemical enhancements can be found.
Most importantly, we have found that in some cases
super-Chandrasekhar white dwarfs can be produced.
These cases are of interest, because they could eventu-
ally produce Type Ia supernovae, although this study
is beyond the scope of this work, as it requires fol-
lowing the long-term evolution of the remnants. In
contrast, we have not obtained direct explosions, as
obtained by Rosswog et al. (2009), Raskin et al. (2009)
and Raskin et al. (2010), because in these studies the
adopted initial velocities were much larger than those
adopted here, and because they studied exclusively
head-on collisions. Whether these velocities and im-
pact parameters are realistic (or not) deserves further
study, which is on under way.
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